Many lines of evidence suggest that IL10 is a strong candidate gene for systemic lupus erythematosus (SLE) susceptibility. In our previously reported study an allele (IL10.G-140bp) of the microsatellite IL10.G located at position À1100 was significantly increased in Italian SLE patients in comparison with controls. Starting from this observation, we tested if sequence variations in the vicinity of IL10.G were more strongly associated with SLE. We performed a comprehensive association study including 26 SNPs (of which four were newly identified in the present study by DHPLC analysis) spanning 8.5 Kb of the 5 0 flanking and the transcribed region of the IL10 gene. The association study was performed by the DNA pool method on an extended panel of Italian patients (205) and controls (631). Haplotypic associations were studied by individual typing of seven selected markers surrounding IL10.G. Gene, genotype and haplotype frequencies were not significantly different in patients and controls. Thus the IL10.G microsatellite remains to date the only IL10 marker associated with SLE in our population. A meta-analysis of all published results indicates a possible direct role of the IL10.G repeat number in SLE susceptibiliy.
Introduction
Many lines of evidence suggest that IL10 is a strong candidate gene for systemic lupus erythematosus (SLE) susceptibility. IL10 is an important immunoregulatory cytokine influencing many aspects of the immune response. It suppresses type 1 T helper lymphocytes by decreasing IL2 and interferon-g production. 1, 2 It also inhibits certain functions of activated macrophages by down-regulating major histocompatibility complex (MHC) class II and B7 expression 3 and by inhibiting production of proinflammatory cytokines such as TNFa, IL1, IL6, IL8 and IL12. 1, 4 Contrary to its T cell and macrophage inhibitory actions, IL10 has potent stimulatory effect on B lymphocytes, leading to their proliferation and differentiation. 5 SLE is a multisystem disease characterised by impaired T cell responses and dysregulation of B cell activation leading to B cell hyperactivity and production of autoantibodies. 6, 7 Therefore, IL10 production may contribute to the disease by direct effect on B cell survival and on autoantibody production. 8 Moreover, B cells and monocytes of SLE patients produce an increased amount of IL10 compared to non-affected individuals. 9, 10 Besides its functional relevance, IL10 is an attractive positional candidate gene since it maps in 1q32, in a region homologous to a murine SLE susceptibility region (reviewed in Ref. 11) . In humans, different genome screens reported evidence of linkage with SLE in the 1q41-44 region spanning 30 cM and located 16 cM telomeric to IL10 (reviewed in Ref. 12 ). This distance does not exclude the IL10 gene since peaks of linkage in complex diseases only define a confidence interval for the location of a gene and, therefore, susceptibility genes may map near peaks of linkage rather than directly under them. 13 Different polymorphisms were identified both in the 5' flanking region [14] [15] [16] [17] [18] [19] [20] and, more recently, in the transcribed region 21 of the IL10 gene including two microsatellites at position À4000 (IL10 15 ) and À1100 (IL10 16 ). One of the two microsatellites, IL10.G, has been shown to be associated to SLE by three independent studies, including ours [22] [23] [24] although this was not supported by a fourth work. 25 In our study the IL10.G-140bp allele was significantly increased in Italian SLE patients. 24 Starting from this observation, in the present analysis we tested sequence variations in the vicinity of IL10.G with the aim of finding some markers in linkage disequilibrium with IL10.G-140bp that could be more highly associated with the disease. We performed a comprehensive association study including 22 SNPs already available in the IL10 gene plus four additional SNPs that are newly described. Previously, only five of these SNPs had been tested. 19, [26] [27] [28] The markers covered the 5' flanking and the transcribed region of the gene. Basically, the study was performed by the DNA pool method [29] [30] [31] [32] on an extended panel of patients and controls. Haplotypic associations were studied by individual typing of selected markers.
Results

Search of new SNPs
Sequence variations in the IL10 gene were searched by DHPLC scanning of the five exons and exon-intron junctions and of 4 kb of the 5' flanking region in 23 SLE patients carrying the IL10.G-140bp allele previously found to be associated with SLE in Italian patients. 24 Sixteen different heteroduplex patterns in 10 PCR fragments were detected. Direct sequencing of the heteroduplex samples and one homoduplex as a reference for each fragment led to the identification of 16 sequence variations (Table 1 ). Most of them had been previously, identified in other studies 14, [17] [18] [19] [20] [21] with the exception of four SNPs located at positions À1270, +3814, +4123 and +4230 (Table 1) .
Test of association by the DNA pool method The above 16 SNPs and further 10 SNPs drawn from the literature were tested for association with SLE. The tested SNPs are located in the 5' flanking region centromeric and telomeric to the IL10.G microsatellite, exon 1, intervening sequences and 3'UTR ( Table 1) .
The frequency of the 26 SNPs was estimated by primer extension followed by HPLC in a pool of 205 Italian SLE patients and in two pools of Italian controls consisting of 402 and 229 individuals respectively. Seventeen SNPs showed two detectable and measurable peaks in the pools. An example (namely À592 C/A) is reported in Figure 1 . For none of these 17 SNPs, the gene frequencies were significantly different when comparing patients and controls (Table 2 ). The statistical power of the test for each SNP is also reported in Table 2 .
For nine SNPs only one peak was detected in the pool, indicating that the frequency of the rarer allele was below the sensitivity limit of this method which lies between 0.01 and 0.05. 30 These nine SNPs were investigated by individual genotyping of smaller panels of patients and controls. For none of them a significantly different allele distribution was detected (Table 3) .
Test of haplotype association
In order to test a possible haplotype association, we analysed seven SNPs surrounding the IL10.G. microsatellite (namely À3533, À2739, À2013, À1349, À1082, À851 and À592) by individual typing of 99 SLE patients and 95 controls. Seventy-five of these patients were also included in the patient pool while none of the 95 controls was present in the control pools. A slight excess of the À592 C allele in patients vs controls (0.76 vs 0.65, P ¼ 0.028) was detected in this smaller sample. However, the significance of this result was not confirmed when individually typing a higher number of samples (0.75 in 257 patients vs 0.69 in 185 controls), in agreement with results obtained by testing the pools (Table 2) . Genotype frequencies did not differ between patients and controls. High values of pairwise linkage disequilibria between alleles at the seven SNP loci were observed both in patients and controls (data not shown), confirming previously reported data. 18 A maximum-likelihood haplotype frequency estimation yielded 26 likely haplotypic combinations of which 11 were also directly observed in individuals homozygous at all tested loci or at all loci but one (Table 4) . Three haplotypic combinations were the most represented both in patients and controls. They correspond to the previously described most frequent haplotypes in the Dutch and Italian populations. [17] [18] [19] The overall distribution of the haplotype frequencies was not significantly different in patients and controls (P ¼ 0.076). The frequency of the single haplotype TAGGAGA was higher in controls, but the difference was not significant (overlapped when considering frequencies of the 7 2 standard deviations).
Test of association of IL10.G alleles according to length of repeats In each of the three previous reports showing a significant association of IL10.G microsatellite with SLE, alleles of different length were involved (ie 22, 23 and 25 repeats) while negative association with the 21 repeat allele was observed in all three studies (Table 5) . Notably, the three alleles reported to be positively associated in the different studies were all longer repeats than the negatively associated allele. One possibility is that the association with the disease is not with single alleles but with the length of the repeated sequence. Therefore the four IL10.G-SLE association studies were reanalysed considering the IL10.G microsatellite as a biallelic marker consisting of a 'long allele' (L, including all the alleles containing 421 CA repeats) and a 'short allele' (S, including CA21 and alleles with o21 CA repeats). A significant association with the L allele was observed in three populations (Table 5) . Moreover, the significance holds also combining the data of the four studies. These data suggest that the presence of a large stretch of CA repeats is associated with SLE susceptibility.
When considering also the L/S IL10.G alleles, 33 haplotypic combinations with the above seven SNPs were detected by maximum likelihood estimation. The overall distribution of the haplotype frequencies was significantly different in patients and controls (P ¼ 0.003), although no specific haplotype was significantly distorted. The L/S IL10.G alleles were not randomly distributed in the seven SNP haplotypes (Table 4) as reported in Table 6 for the three most frequent haplotypes. Interestingly, the TAGGAGC haplotype in combination with IL10.G-S was estimated to be present only in controls and not in patients.
Discussion
A first aim of this study was to detect additional markers in the exons, exon-intron junctions and 4 kb upstream the transcription start site of the IL10 gene to be used in association tests. The approach we followed was to screen for sequence variations directly SLE patients carrying the IL10.G-140bp allele that we previously found to be associated with SLE. 24 This approach increases the chance of detecting the causal sequence variation responsible for the previously reported association. A total of 16 sequence variations were detected, of which four are here described for the first time.
The 16 identified sequence variations and 10 additional SNPs selected from the literature, including SNPs located more distally in the 5
0 flanking region, were tested for association with SLE. The analysed SNPs span the IL10 gene from about À8500 bp in the 5' flanking region to exon 5, within a genomic region of about 13.2 kb, thus allowing to scan for association the whole gene.
Association with SLE was tested by comparing gene frequencies in patient and control DNA pools. This method, introduced by Barcellos et al, 29 allows testing of a large number of individuals, thus increasing the chance of detecting susceptibility loci with small effect, a typical aspect of complex diseases as SLE. This counterbalances the disadvantages of losing information about genotype frequencies and haplotypes. The method we adopted for determining gene frequencies in a pool combines the genotyping specificity of allele-specific primer extension assay with the quantitative accuracy of high-performance liquid chromatography (HPLC). Previous validation experiments performed in our lab 30 For 17 of the 26 analysed IL10 SNPs, it was possible to estimate the allele frequencies in DNA pools including a large number of patients (N ¼ 205) and controls (N ¼ 631). For the remaining nine SNPs, the lower frequency allele was below detection in the pools and therefore they were analysed by individually typing smaller panels. Moreover, seven SNPs surrounding the IL10.G microsatellite in the 5' flanking region were also individually tested in a smaller panel of patients (N ¼ 99) and controls (N ¼ 95) in order to test the possible association with SLE of specific genotypic or haplotypic combinations. Gene, genotype and haplotype frequencies were not significantly different in patients and controls. Considering the total number of included samples and the frequency of the different sequence variations, the study was powered to detect an association with the single markers with an odds ratio (OR) ranging from 1.38 to 1.91 (Table 2 ). We thus exclude that 13 of the tested markers confer a risk higher than IL10.G-140bp (OR ¼ 1.57; Table 5 ). Our results are in agreement with previous studies in different populations failing to detect an association with SLE susceptibility of five SNPs located at positions À3533, À2828, À1082, À819 and À592 19, [26] [27] [28] 34 although a role in the clinical phenotype was suggested. 26, 27, 35 Conversely, the SNP at position À2726 (named À2763 in Ref. 19 ) was found to be associated with SLE susceptibility in a group of African-American patients. 19 Pooling our results with previous results reported in European populations, 27, 28, 34 an association with À592 with an OR X1.25 and À1082 with an OR X1.22 can be excluded.
As a conclusion, no sequence variation in the IL10 gene had a detectable association with SLE in our population with the exception of the IL10.G microsatellite that remains to date the only IL10 marker significantly associated with SLE in Caucasoids. [22] [23] [24] The association with the IL10 microsatellite could be due to linkage disequilibrium with some causal variation in another closely linked gene. Three genes belonging to the IL10 family (IL19, IL20 and IL24) have been recently mapped immediately telomeric to IL10 at a distance of 60 , 82 and 112 kb respectively from IL10G, and are possible candidates. [36] [37] [38] However, could it be that the IL10.G microsatellite itself rather than some other variation in linkage disequilibrium with it is involved in SLE genetic susceptibility? At first sight this hypothesis seems unlikely since three different alleles were increased in three different IL10.G/SLE association studies. However, if the literature data are reanalysed considering the IL10.G microsatellite as a biallelic marker, ie consisting of a 'long allele' and a 'short allele', a significant association with the long allele is observed, suggesting that SLE susceptibility is associated with the presence of a longer stretch of CA repeats in the promoter.
There are several examples in the literature showing a direct correlation of the promoter transcriptional activity with the number of repeats of a microsatellite. [39] [40] [41] [42] [43] The number of tandem repeats has been shown to influence the transcription rate either by a direct interaction with a transcription factor 44, 45 or by affecting spacing between flanking regions. 46 Considering the data of the present paper it is tempting to speculate that a long IL10.G allele might be responsible for a high IL10 production, a typical aspect of SLE pathogenesis. This hypothesis is in agreement with previously reported data 47 showing that cells of individuals carrying the longest analysed IL10.G allele (containing 26 CA repeats) produced the highest amount of IL10 upon induction with LPS, whereas the lowest production was observed for cells of individuals carrying the shortest analysed IL10.G allele (containing 19 CA repeats). Moreover, cells of individuals carrying IL10.G-S alleles produced a mean amount of IL10 lower than individuals with the IL10.G-L allele. 47 Other functional data have been reported relating the IL10 production level to the SNP haplotypes. The À1082A allele either alone 33 or in the haplotypic combination À1082A/À819T/À592A
48 was shown to be associated with a low IL10 production. Other studies reported instead an association of À1082 A with a high IL10 production 49 or were not able to detect any association. 50 Moreover À1082A is part of the same haplotypic combination as -3533T/À2828G/À2726C shown to be associated with a high IL10 production. 19, 50, 51 These discrepant results may find an explanation in the relationship between the SNP haplotypes and the IL10.G L/S alleles as shown in Table 6 . Since the disequilibrium between the two is not complete, it is possible that the individuals analysed in the different studies carried in some cases an L allele and in other cases an S allele. Functional studies that take into account the complete IL10 haplotypes are needed to confirm the role of the stretch of CA repeats in the IL10 promoter region. Table 1 continued Figure 1 HPLC chromatograms of primer extension products for IL10 -592C/A sequence variation. The products extended by the enzyme thermosequenase are resolved as two separated peaks. The two peaks are labelled as C and A according to the nucleotide variation present on the coding DNA strand. The peak labelled with P corresponds to an excess of unextended primer. The elution profiles of SLE patient pool, control pool and of a heterozygous individual are shown. For the heterozygous sample, the peak height ratio A/C (k) was a1. To calculate the A allele frequency in the pools the peak height ratio was corrected by k which accounts for the unequal representation of the two alleles in heterozygous individuals. Thus the frequency (f) of allele A in the SLE patient pool is f (A) ¼ A/(A+kC) ¼ 0.276 where A and C are the peak heights of the primers extended with ddC or with ddA in the patient pool.
donors) were used as control subjects (1:1 female:male ratio).
Pool preparation
Patient and control DNAs were purified by the different collecting centres utilising different procedures and were stored for variable lengths of time (months to years). Prior to pooling, the DNA concentration of each sample was determined using the PicoGreen (Molecular Probes) fluorescent assay. Each DNA sample was quantified in duplicate and the mean value was considered. When the deviation between the two independently treated aliquots of the same sample was greater than 5%, quantification was repeated. If the deviation remained 45%, the samples were discarded. Each sample was then diluted to a final concentration of 20-100 ng/ml with a 10 mM TRIS, 1 mM EDTA solution. An equimolar aliquot of each sample was added to the pool.
DNA quantification and pooling procedures were automated utilising a specifically programmed Robotic Liquid Multihandling System (Multiprobe II, Packard).
A pool of SLE patients (205 individuals) and two pools of controls (402 and 229 individuals, respectively) were prepared.
Search for sequence variations in the IL10 gene The IL10 gene was amplified from genomic DNA as 20 PCR fragments ranging from 201 to 588 bp and covering a total of 6435 bp including the five exons, the intron-exons boundaries and 4000 bp upstream of the transcription start site. PCR primers were designed on the genomic DNA Genbank sequence U16720.1 (version GI:1041812). All the fragments were amplified using the same touchdown protocol: an initial denaturation at 961C for 10 min followed by 961C for 30 s, 651C to 551C for 30 s with an annealing temperature decrement of 0.51C per cycle for 20 cycles and 721C for 30 s. The additional 30 cycles were at 941C for 30 s, 551C for 30 s and 721C for 30 s. A final elongation step of 10 min at 721C was added. The reactions were performed in a total volume of 50 ml containing 50 mM KCl, 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl 250 mM of each dNTP, 1 unit of Taq Gold polymerase (PerkinElmer), 20 pm of each primer and 100 ng of genomic DNA.
Search for sequence variations was performed for all the fragments on a panel of 23 SLE patients by denaturing high-performance liquid chromatography (DHPLC) scanning on an automated HPLC instrument (Wave, Transgenomic Santa Clara, CA, USA). This method is based on the differential retention of homoand heteroduplex DNA molecules under conditions of partial heat denaturation. To allow heteroduplex formation, PCR products were subjected to 3 min 951C denaturation followed by a gradual reannealing from 951C to 401C in 30 min in the thermal cycler. The temperature required for successful resolution of heteroduplex molecules was determined using a specific program (website http://insertion.stanford. edu/melt.html). Samples were analysed at the predicted temperatures (RTm) and at RTm+21C as recommended by the software authors 53 and eluted from the column using a linear acetonitrile gradient at a constant flow rate of 0.9 ml/min. The gradient was created by mixing elution buffers A (0.1 M triethylamine acetate buffer, TEAA, pH 7) and B (25% acetonitrile in 0.1 M TEAA, pH 7). The start and end points of the gradient depended on the size of the PCR fragments. Primers used for amplification and DHPLC conditions for the 10 fragments containing a sequence variation are listed in Table 1 .
Sequencing
The PCR products displaying a heteroduplex peak in at least one individual were sequenced in one heterozygous and one homozygous sample. Prior to sequencing, unincorporated dNTPs and primers were removed by One of the A-positive patients was homozygous.
ILIO SNPs and SLE SD' Alfonso et al 459 0.5 units shrimp alkaline phosphatase and 5 units of exonuclease I (both from Amersham) at 371C for 30 min, after which the enzymes were deactivated by incubation at 801C for 15 min. Samples were sequenced in both directions on an ABI 373 automated sequencer using the Big-dye terminator cycle sequencing reaction kit (Perkin-Elmer).
Estimation of the gene frequency in the pool
The 17 fragments containing the 16 SNPs detected by DHPLC plus 10 SNPs reported in the literature were amplified from each pool. Primers used for amplification are reported in Table 1 . The frequency of the two alleles of each SNP was estimated using primer extension followed by HPLC analysis on the WAVE 
Haplotypes indicated in bold were actually observed in individuals homozygous for all or all but one of the seven SNPs. (Transgenomic) instrument. 31 For each SNP, a primer ending at the nucleotide preceding the variation was annealed to the amplified products previously purified by membrane filtration using the Montage PCR Clean up system (Millipore) to remove unincorporated PCR dNTPs and primers and extended by one or more nucleotides to obtain maximum resolution between the two alleles.
Primer extension reactions were carried out in 20 ml containing about 40 ng of the purified fragment, 50 mM of the appropriate ddNTPs and/or dNTPs, 15 pmol primer and 0.5 U ThermoSequenase (Amersham), in the buffer provided by the manufacturer. The reactions were carried out in a thermal cycler with an initial denaturation step of 1 min at 961C followed by 50 cycles of 961C for 10 s, 431C for 15 s and 601C for 1 min. At the end of the thermal cycling, the reaction was heated to 961C for 30 s and immediately placed on ice. A 15-24 bp extension primer annealing upstream or downstream the sequence variation was used ( Table 1 ). The primer was extended by one or more nucleotides as reported in Table 1. The extended products were then analysed by the WAVE HPLC column at a column temperature of 701C and with an 18-30% gradient of buffer B.
The frequency was estimated from the height of the peak corresponding to each extended primer in the HPLC elution profile as previously reported [30] [31] [32] and is summarised in Figure 1 . For each sequence variation, each pool in duplicate (two PCR reactions) and at least three heterozygotes were analysed in the same experiment (including PCR, primer extension and HPLC analysis). Reported frequency for each pool is the mean of the frequency estimated in the two duplicates. When the difference between the two duplicates was greater than 0.02, the result was discarded and the PCR and primer extension were repeated for all pools.
Individual genotyping
Genotyping of individual samples was performed either by primer extension analysis as described for the pools or according to previously reported standard methods (Table 3) .
Pool validation
The quality of the three pools was verified using five unlinked SNP markers and comparing their frequency estimated on the pool with the real frequency (ie calculated by genotyping each individual included in the pool). The difference between the two determinations gave a measure of the experimental error in the pool preparation and frequency estimation. The following experimental errors were calculated (tested SNPs are indicated in brackets): SLE patients ¼ 0.02 (IL10 -592C/ A), control pool 1 (402 individuals) ¼ 0.018 (GLAST-1 IVS8 C22T) and 0.001 (WI12996 A/G), control pool 2 (229 individuals) ¼ 0.006 (IL12 A1188C) and 0.035 (MOG val142leu). The mean experimental error from all the above comparisons was 0.016 ( 7 0.0133).
Statistical analysis
Significance was evaluated from 2 Â 2 contingency tables by w 2 test (Yates correction). When required by the small number of expected cases, the two-tailed Fisher's exact test was used. All comparisons and OR estimations were performed considering allele frequencies. For analysis performed on DNA pools, 2 Â 2 contingency tables were obtained by calculating the absolute frequencies from the relative frequencies estimated in the pools on the basis of the total number of alleles at each locus included in each pool.
Maximum-likelihood estimation of haplotype frequencies and standard deviations were calculated from data with unknown gametic phase using an expectationmaximisation (EM) algorithm by the Arlequin software ver 1.1. 54 The overall difference of haplotype frequencies between patients and controls was evaluated by estimating the following value: L ¼ (L1+L2) ÀL3 where L1, L2 and L3 correspond to À2 logarithm of the sample maximum-likelihood estimated by Arlequin respectively in the patients (L1), the controls (L2) and the patients+controls (L3). The L value has a w 2 similar distribution. The degrees of freedom correspond to the total number of estimated haplotypes À1. The significance of the differences of single haplotype frequencies between patients and controls was evaluated by analysing the standard deviation. A Po0.05 corresponds to patient/ control haplotype frequencies not overlapping when considering frequencies 7 2 standard deviations.
Power calculation was perfomed according to the binomial distribution test utilising the program provided by the website http://ebook.stat.ucla.edu/calculators/ powercalc/binomial/case-control/b-case-control-power.html. 21 and alleles with o21 CA repeats).
